This review summarizes research results concerning the reactions of hydrazonoyl halides with heterocyclic thiones reported by us and other research groups from 1991 to mid 2007. It outlines the utility of such reactions in various aspects of heterocyclic chemistry.
Introduction
Hydrazonoyl halides are a class of compounds with the general formula 1 where X represents a chlorine or bromine group. These compounds are the acyl halides of the so-called hydrazonoic acids 2 as the imidoyl chlorides 3 are the chloride derivatives of imidoic acids 4 (Chart 1). Since work concerning hydrazonoyl halides 1 as synthetic auxilliaries commenced in 1970 in our group, many papers and patents have been published including some reviews by Shawali et al. [1] [2] [3] [4] [5] [6] [7] [8] [9] and by others 10 concerning their reactions and biological activities. Such reviews have been useful for the chemists and biologists engaged in the development of synthesis of new heterocyclic systems, new drugs or in other important works. The intention of the present review is to cover research results concerning the title reactions reported by us and by other research groups from 1991 to mid 2007 and which have not been reviewed hitheto. The coverage was made through Chemical Abstracts Vols. 114 -145. 
Scheme 1
Reactions of nitrilimines, derived from hydrazonoyl halides, with heterocyclic thiones may proceed via a 1,3-addition or 1,3-dipolar cycloaddition pathway depending on whether the reacting heterocyclic thiones act as protic nucleophiles or dipolarophiles, respectively. This is because thiones of type 6 that have α-hydrogen can exist in either the tautomeric thione form 6A or the thiol form 6B. Generally, reactions of nitrilimines with heterocyclic thiones, having the thiol form 6B, start with the formation of the 1,3-adducts to give the respective thiohydrazonate esters 7 as intermediates, whereas reactions of such 1,3-dipoles with true heterocyclic thiones having the thione form 6A proceed via 1,3-dipolar cycloaddition to the C=S double bond to form the spirocycloadducts namely spirothiadiazoles 8 (Scheme 2). Both types of intermediates 7 and 8 usually undergo further in situ reactions according to their structures and the reaction conditions leading thus to either formation of new annelated heterocycles, spiro heterocycles, heterocyclic ring transformation or functional group modification as outlined in the following sections. 
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Scheme 2
In this review, the heterocyclic thiones, whose reactions with hydrazonoyl halides are covered, are presented in order of their increasing ring size, the number of rings and in order of increasing number of heteroatoms. The heteroatoms have been arranged in the following sequence N, O, S and other elements. The overall style of heterocycles arrangement follows that used in Chemical Abstracts. Also, the naming of the heterocycles follows generally the practices of IUPAC and Chemical Abstracts. 6) . 17 This finding indicates that the initially formed thiohydrazonates undergo in situ dehydrative cyclization as soon as they are formed to give 18 as end products. 
Scheme 8
However, reaction of the same bis-hydrazonoyl chloride 23 with 5-phenyl-1,2,4-triazole-3(2H)-thione 19 was reported to give 5,6-bis(phenylhydrazono)-2-phenylthiazolo [3,2-b] [1, 2, 4] triazole 26 (Scheme 9). 
Scheme 9
Reaction of 4-amino-5-phenyl-1,2,4-triazole-3(2H)-thione 27 with 2-aryl-2-oxoethanehydrazonoyl bromides in ethanol in the presence of sodium ethoxide was reported by Shawali et al. 22, 23 to afford the respective thiohydrazonates 28a-g (Scheme 10). Similar reaction of 27 with the hydrazonoyl bromide having electron-withdrawing substituents in the N-aryl moiety directly afforded , however, the respective 7-arylhydrazono-3,6-diaryl [1, 2, 4] triazolo [3,4-b] [1, 3, 4] thiadiazines 29h-j, probably via in situ dehydrative cyclization of the initially formed thiohydrazonates 28h-j. 22, 23 The thiohydrazonates 28a-g were converted into the respective triazolothiadiazines 29a-g by treatment with acetic acid (Scheme 10). 
Scheme 10
Similarly, several other series of 7-arylhydrazono-7H-3-heteroaryl-triazolo [3,4-b] [1, 3, 4] thiadiazin-6(5H)-ones 31 and 32 were prepared via reaction of 4-amino-5-heteroaryl-[1,2,4]-triazole-3(2H)-thiones 30 with ethyl arylhydrazonochloroacetate and N-aryl-2-oxoalkane hydrazonoyl halides, respectively (Scheme 11). 24, 25 
Scheme 15
Reaction of 6-amino-2-thiouracil 37A with N-phenyl benzenecarbohydrazonoyl chloride in dioxane in the presence of triethylamine under reflux yielded 39 (Scheme 16). The other isomeric structure 44 was discarded on the basis of the IR and 13 C NMR evidences. 35 When compound 39 was refluxed with benzaldehyde in acetic acid, it yielded 44 (Scheme 16). 
Scheme 17
Reactions of hydrazonoyl halides with either 3-amino-2,3-Dihydro-6-substituted-2-thioxopyrimidin-4(3H)-ones 48 or 3-amino-6-substituted -2,3-dihydro-2-methylthio-4(3H)-pyrimidinone 49 were recently reported by Shawali et al. [42] [43] [44] to give the respective 4H- Very recently Shawali et al. 47 reported that reaction of hydrazonoyl halides with either 4- . 48 The reaction was said to be completely peri and regioselective. The prefered orientation was predicted correctly by AM1 calculations. 
Scheme 25
The reaction of benzimidazole-2-thiol 63 with ethyl (N-arylhydrazono)chloroacetate and 2-phenylamino-2-oxoethane-hydrazonoyl chloride in the presence of base catalyst yielded the corresponding thiohydrazonate esters 65a and 65b, respectively.
14 Acid treatment of the latter 
Scheme 28
Treatment of benzimidazole-2-thiol 63 with hydrazonoyl halides in refluxing chloroform in the presence of triethylamine was reported to give the respective 1,2,4-triazolo [4,3-a] . The formation of the latter from 74 and hydrazonoyl halides was proposed to proceed via 1,3-dipolar cycloaddition of nitrilimines, derived by the action of pyridine on hydrazonoyl halides used, on the C=N double bond to give the cycloadducts as intermediates which undergo in situ elimination of methanethiol to give 75 as end products (Scheme 31). However, the formation of 75 from 73 and hydrazonoyl halides was supposed to proceed via the formation of the thiohydrazonate esters which then undergo in situ two tandem reactions namely rearrangement into the thiohydrazides followed by cyclization of the latter with concurrent elimination of H 2 S to afford 75 (Scheme 31). 64 The mechanism of the studied reactions and the structure of the products were evidenced by spectral data and alternate synthesis (Scheme 40). 
Scheme 47
The reaction of heterocyclic thiones 116 with nitrilimines, generated in situ by base-catalyzed dehydrohalogenation of hydrazonoyl halides, has been described for synthesis of various derivatives of spiro[heterocycle-n,2'-3H-1,3,4-thiadiazole] 117 (Fig. 1 ). 
Figure 1
Thus, reaction of 2-oxoalkanehydrazonoyl halides reacted with 4-oxo-1,3-diphenylimidazole-2-thione 118 in chloroform in the presence of triethylamine gave the corresponding spiro[imidazole-2,2'-3H-1,3,4-thiadiazole] derivatives 119 in 75-77% yield (Scheme 48). 69 This finding indicates that the dipolarophilicity of the C=S group is more than that of the C=O group. 
Scheme 48
Similar reaction of 5-phenylmethylene-1,3-diphenyl-5-oxo-2-thioxo-tetrahydroimidazole 120 with hydrazonoyl halides in chloroform in the presence of triethylamine afforded, however, spiro[5H-pyrazolo-4,4'-imidazole] 121 in 78-80% yield via cycloaddition of the in situ generated nitrilimines on the exocyclic C=C double bond. This result indicates that the C=S, while being more reactive dipolarophile than the C=O double bond, is less reactive than the enone moiety of 120 (Scheme 49). 
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Scheme 49
On the other hand, the spiro[3H-thiazole-2,2'-3H-thiadiazole] derivatives 123 were formed by reaction of 3-phenyl-4-phenylmethylene-2-thioxothiazolin-5-one 122 with nitrilimines, generated in situ by the action of triethylamine on hydrazonoyl halides in refluxing chloroform (Scheme 50). 70 In this case, the C=S double bond seems to be more dipolarophilic than both the enamine or enone C=C double bond. 
Scheme 54
Reactions of the pyrimidine-2(1H)-thione 133 and its analog 4(1H)-thione 136 each with one molar equivalent of the appropriate hydrazonoyl halide in benzene in the presence of triethylamine gave under normal conditions the respective spiro cycloadducts 134 and 137, respectively. Using two mole equivalents of hydrazonoyl halide in the reaction with pyrimidine-2(1H)-thiones 133 led to the 2:1 cycloadducts 135 (Scheme 55). 75 The structure of the latter biscycloadduct 135 needs further investigation as it results from 4π + 4 π cycloaddition which is thermally forbidden. 
Scheme 56
Also, spiro[3H-1,3,4-thiadiazole-2,6'-1,4,5,6-tetrahydro-1,2,4-triazine] 141 was said to be formed when 3-phenyl-4,5-dihydro-1,2,4-triazin-6(1H)-thione 140 with N-methyl benzenecarbohydrazonoyl bromide in chloroform in the presence of triethylamine. However, this spirocycloadduct 141 was said to be unstable so that full characterization could not be achieved (Scheme 57). 
Scheme 59
Similarly, reaction of hydrazonoyl halides with 1-thioxo-3,3-diphenyl-isobenzothiophene 146 yielded 80% of the respective spiro[3H-1,2,4-triazole-2,1'-1H,3H-isobenzothiophenes] 147 (Scheme 60). 
Scheme 66
The involvement of thiohydrazonate 168 as intermediates in the studied reactions was confirmed by alternate synthesis of 166 as depicted in Scheme 67. 
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Scheme 67
Also, reactions of the Mannich bases 169 with hydrazonoyl halides in benzene or ethanol in the presence of triethylamine at room temperature was reported to afford the respective thiadiazoline derivatives 166 (Scheme 68). . 97 The latter esters 177 were cleaved upon heating in benzene and hydrochloric acid to give benzoic N-(2,,4-dibromophenyl)hydrazide and 1-phenyltetrazole-5-thione 176 (Scheme 72). 96, 97 When the thiohydrazonate esters 177 were heated with sodium ethoxide in ethanol under reflux, they were reported to give the substituted dihydrotetrazines derivatives 180. In each case, the latter products were accompanied by lesser yields of the symmetrical tetrazines 181. 
Functional group transformation
Literature reports indicate that in some reactions of heterocyclic thiones with hydrazonoyl halides, the initially formed spirocycloadducts are unstable so that they undergo in situ ringchain tautomerism to give the respective N-aryl-N-heteroaryl-thiocarbohydrazides as end products. For example, reactions of hydrazonoyl halides with each of 4,5-diaryl-1,2,4-triazole-3-thiones 182, 
Conclusions
The present review has outlined the importance of the reactions of hydrazonoyl halides with heterocyclic thiones as convenient methodology for annulation of heterocycles, synthesis of spiro heterocycles and heterocyclic ring transformation. It is hoped that it will further stimulate interest in the chemistry of such halides and their use as popular synthons for other heterocycles of industrial and biological potentials. The reactions covered still require further exploration and applications.
